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ORIGINAL ARTICLE
The menisci of the knee are C-shaped wedges of
fibrocartilage that lie between knee joint surfaces
of the femur and the tibia. Previously, it was pos-
tulated that the meniscus functioned mainly as a
space filler and a means whereby lubrication of
the joint was enhanced. However, Fairbank1 sug-
gested that the meniscus probably has a weight-
bearing function as well. He based his opinion on
a radiographic study of patients who had under-
gone meniscectomy. The three signs (so-called
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Background/Purpose: This study was undertaken to describe the sonographic features of meniscal sub-
luxation in the weight-bearing position and to determine any association between meniscal subluxation
and radiographic osteoarthritis.
Methods: In total, 238 knees with symptoms were examined successfully with weight-bearing anteroposterior
and lateral radiographs and high resolution ultrasonography. The radiographs were examined to determine
whether participants had radiographic osteoarthritis, graded using the Kellgren-Lawrence Scale. The degree
of subluxation of the medial meniscus in each knee was measured using high resolution ultrasound with a
10-MHz linear transducer, at the level of the medial collateral ligament in weight-bearing condition. The degree
of subluxation was compared in knees with the presence or absence of radiographic osteoarthritis using
Student’s t test. Additional analysis between knees with early and advanced radiographic osteoarthritis was
also performed.
Results: Meniscal subluxation for knees with (n=141) and without (n=97) radiographic signs of osteoarthri-
tis were 4.3 ± 1.9 mm and 0.7 ± 0.6 mm, respectively. The difference was highly significant (p < 0.001). After
age adjustment, the medial meniscal subluxation of age-matched subjects were 4.8 ± 1.7 mm for knees with
radiographic osteoarthritis (n=43) and 1.0±0.8 mm for knees without such changes (n=43). The difference
between the two groups was still significant (p<0.001). The greatest meniscal subluxation was seen in knees
with advanced radiographic signs of osteoarthritis; no knee with osteoarthritic changes on radiographs had an
undisplaced meniscus.
Conclusion: Meniscal subluxation is a prominent feature on weight-bearing sonographic imaging in patients
with radiographic osteoarthritis and could be considered as a risk factor for the development of knee osteo-
arthritis. By using musculoskeletal ultrasonography, one can detect this occult meniscal derangement early
before the appearance of radiographic signs of osteoarthritis. [J Formos Med Assoc 2007;106(9):700–707]
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Fairbank’s signs) he described were: an antero-
posterior ridge projecting downward from the fem-
oral condyle; generalized flattening of the marginal
half of the femoral articular surface; and narrow-
ing of the joint space. These signs are a subset of
the radiographic signs of osteoarthritis (OA) and
can be seen in knees that have not undergone
meniscectomy.2,3
The presence of meniscal subluxation4,5 (also
called meniscal protrusion6 or meniscal extrusion,7
i.e. the protrusion of any part of the meniscus 
beyond the tibial plateau)8 may affect proper
meniscal function. Spilker and Donzelli modeled
the meniscus in various degrees of meniscal sub-
luxation, showing that increasing meniscal sublux-
ation adversely affected load bearing and raised
stress concentrations within the meniscus.9 Kenny
reported that radiographic changes known to fol-
low meniscectomy could develop in knees with
significant meniscal subluxation of the medial
meniscus.3 He suspected that meniscal subluxa-
tion may be related to loss of meniscal function
because the radiographic signs are similar to those
that follow meniscectomy. Many reports5,7,10
suggest that meniscal subluxation is a prominent
feature of knee OA and contributes to the appear-
ance of joint space narrowing.
Magnetic resonance imaging (MRI) is con-
sidered to be an ideal modality for evaluating 
the anatomic structure and position of the menis-
cus. However, most of the images were obtained
with the patients in a supine, non-weight-bearing
condition. It is possible that the measured values
of meniscal subluxation would be more pro-
nounced if it was assessed under axial loading.
With advances in technology, the role of mus-
culoskeletal ultrasonography (MSUS) in ortho-
pedics and rheumatology is evolving rapidly.11,12
There is growing evidence to show that MSUS 
is able to provide valuable information about
the status of meniscal pathology and at a much
lower cost.13–16 However, to the best of our
knowledge, sonographic evaluation of the menis-
cal position under load has been discussed only
sporadically in the literature.17 Thus, the aim of this
study was to describe the sonographic features of
meniscal subluxation in the weight-bearing con-
dition, and to determine its relationship with 
radiographic OA.
Materials and Methods
Between April 2005 and September 2006, 218 pa-
tients with 256 symptomatic knees referred from
the outpatient clinic of the orthopedic department
were examined successfully with weight-bearing
anteroposterior and lateral radiographs and ultra-
sound images in the routine course of diagnosing
reports of problems related to the knee. Eleven
knees with medial meniscus tears and seven knees
with prior medial meniscus operations were exclu-
ded after examination. Two hundred and thirty-
eight knees (94 in males, 144 in females) were
included in this study.
The radiographs were examined for the pres-
ence or absence of one or more signs of OA:
osteophytes, joint space narrowing, subchondral
sclerosis and subchondral cysts. They were graded
for overall evidence of OA by two reviewers using
the Kellgren-Lawrence Scale:18 Grade 1, doubtful
narrowing of joint space and possible osteophytic
lipping; Grade 2, definite osteophytes and possi-
ble narrowing of the joint space; Grade 3, definite
moderate joint space narrowing (at least 50%),
moderate osteophytes, sclerosis or cysts may be
present; Grade 4, marked narrowing of the joint
space, severe sclerosis, large osteophytes, and cysts
may be present.
Of the 238 knees, 141 (in 53 males and 88 
females) were found to have radiographic signs
of OA on weight-bearing anteroposterior radio-
graphs. They were allocated to the OA group. The
remaining 97 knees (in 41 males and 56 females)
without such signs were placed in the control
group. In order to eliminate the age difference
between the OA group and controls, knees from
the OA group were randomly age-matched to
knees from controls. Age differences between pairs
of plus or minus 1 year were allowed. Eighty-six
knees (43 pairs) were successfully age-matched
into an OA group (in 15 males and 28 females)
and a control group (in 20 males and 23 females)
for additional analysis.
Sonographic studies of all the cases were per-
formed by only one examiner (KCH). The patient
was placed in a natural standing upright position
with knees fully extended and the feet separated
enough for good balance. Meniscal subluxation
of medial meniscus for each knee was measured
by longitudinal ultrasound image at the level of
the medial collateral ligament using a 10-MHz
linear transducer. The medial collateral ligament
(MCL) is a broad flat structure approximately
9 cm long that extends from the medial femoral
condyle to the medial aspect of the proximal
tibia. It is divided into superficial and deep com-
ponents that are separated by a zone of loose areo-
lar connective tissue. The superficial component is
a band of dense, regular connective tissue anchor-
ing the medial femoral condyle to the proximal
tibia.19 On ultrasound imaging, the MCL appears
as a trilaminar structure—two hyperechoic bands
separated by a thin hypoechoic zone. The hyper-
reflective bands correspond directly to the superfi-
cial and deep ligaments. Loose areolar connective
tissue forms the hypoechoic band that separates
the superficial and deep components. The medial
meniscus is normally hyperechoic and its config-
uration in a longitudinal view is triangular, with its
apex pointing toward the center of the joint. Its
base is anchored to the linear hyperechoic deep
MCL without any intervening tissue (Figure 1).19
Strong echoes from the femoral condyle and 
tibial plateau and the MCL render the meniscus
easily identifiable. Meniscal subluxation of medial
meniscus was measured as the distance from the
outermost edge of the medial meniscus to the bor-
der of the tibial plateau (Figure 2). In the presence
of marginal osteophytes on the medial border of
the tibial plateau, the medial margin of the tibia,
instead of the osteophytic projection, was used to
measure meniscal subluxation (Figure 3). Once
an apparently reliable view was found, the image
was frozen; the procedure was then repeated three
times, with three different measurements made.
To enable measurements to be made on the mon-
itor, a magnified picture was used, to an accuracy
of 0.1 mm. For each knee, the mean of these
three measurements was used as the final result.
The degree of meniscal subluxation in patients
with and without radiographic signs of OA from
different groups was compared using the Student’s
C.H. Ko, et al
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Figure 1. Longitudinal sonographic image of the left knee
at the level of the medial collateral ligament from a 53-
year-old woman.
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Figure 2. Longitudinal sonographic image of the right
knee at the level of the medial collateral ligament with a
displaced medial meniscus from a 50-year-old woman in
the control group. Meniscal subluxation = 2.2 mm.
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Figure 3. Longitudinal sonographic image of the left knee
at the level of the medial collateral ligament with a dis-
placed medial meniscus and osteophytes from a 61-year-
old woman in the osteoarthritis group. Meniscal
subluxation = 3.8 mm.
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t test. Additional analysis was performed between
patients with Kellgren-Lawrence grade 1–2 OA
and those with Kellgren-Lawrence grade 3–4 OA
on the amount of meniscal subluxation using
Student’s t test.
Results
The age and meniscal subluxation data for each
group are listed in Table 1. The mean ages of sub-
jects in the OA and control groups were 68.2±10.4
years and 49.5±17.1 years, respectively (p<0.001).
The medial meniscal subluxation for knees 
in the OA group was 4.3 ± 1.9 mm (range, 2.0–
8.9 mm). For knees in the control group, the 
medial meniscal subluxation was 0.7 ± 0.6 mm
(range, 0–2.7 mm). The difference between the
two groups was significant (p < 0.001). Meniscal
subluxation was present in 51 knees (53%) in
the control group. All 141 knees (100%) in the
OA group had meniscal subluxation.
Subjects in the age-matched study groups
ranged in age from 48 to 83 years. Mean ages for
the subjects in the age-matched OA and age-
matched control groups were 63.3 ± 9.6 years and
63.2 ± 9.7 years, respectively. As expected, there
was no significant difference in age (p = 0.596).
Among the 43 pairs of age-matched knees,
only 30% (13 of 43 knees) of the controls had an
undisplaced medial meniscus. The medial menis-
cal subluxation for knees in the age-matched OA
group was 4.8 ± 1.7 mm (range, 2.2–8.7 mm). The
meniscal subluxation for knees in the age-matched
control group was 1.0±0.8mm (range, 0–2.7mm).
The difference between the two groups was sig-
nificant (p<0.001). For knees in the OA group, the
mean meniscal subluxation was 2.9 ± 0.7 mm
(range, 2.0–4.1 mm) in patients with Kellgren-
Lawrence grade 1–2 OA and 5.6 ± 1.8 mm (range,
3.7–8.9 mm) in those with Kellgren-Lawrence
grade 3–4 OA (Table 2). The difference was sig-
nificant (p < 0.001).
Discussion
Knee OA is a common joint disease and is more
prevalent in the medial compartment than in the
lateral compartment. During normal gait, there
is a brief valgus moment after initial contact, and
then the knee joint is subjected to an external varus
moment throughout stance phase. This varus mo-
ment and the subsequent increased loads in the
medial compartment are thought to be responsi-
ble for the greater incidence of medial compart-
ment osteoarthritis.20–22
Although the etiology of knee OA can be mul-
tifactorial, the importance of the menisci in pre-
venting the evolution of arthritic change is well
Table 2. Results of meniscal subluxation for Kellgren-Lawrence grade*
Kellgren-Lawrence grade n Meniscal displacement (mm)
1–2 85 2.9 ± 0.7 (2.0–4.1)
3–4 56 5.6 ± 1.8 (3.7–8.9)
*Data are presented as mean ± standard deviation (range).
Table 1. The results of meniscal subluxation for each group*
Group n Age (yr) Meniscal subluxation (mm)
OA 141 68.2 ± 10.4 (48–86) 4.3 ± 1.9 (2.0–8.9)
Controls 97 49.5 ± 17.1 (21–82) 0.7 ± 0.6 (0.0–2.7)
Age-matched OA 43 63.3 ± 9.6 (49–83) 4.8 ± 1.7 (2.2–8.7)
Age-matched controls 43 63.2 ± 9.7 (48–82) 1.0 ± 0.8 (0.0–2.7)
*Data are presented as mean ± standard deviation (range).
understood. The removal of either meniscus may
affect the articular surface and eventually lead to
destruction of the underlying subchondral bone.
The anatomy of the menisci allows for the trans-
lation of vertical compressive forces into circum-
ferential (hoop) stresses. The menisci transmit
between 50% and 85% of the load across the knee
joint in extension and flexion.23 Clinical and 
animal studies have shown that preservation of
the meniscus improves stability and distributes
weight-bearing forces in the knee, thereby reducing
degenerating contact stresses across the articular
cartilage surfaces.1,24–28
Increasing meniscal subluxation might affect
load transmission and raise stress concentrations
within the knee joint (Figure 4). Since meniscal
coverage and meniscal height diminishes with
subluxation, less coverage and reduced height
might increase the risk of cartilage loss.29 Gale
et al measured the amount of meniscal subluxa-
tion on conventional MRI of the knee in patients
with OA and in asymptomatic volunteers in the
coronal plane in the supine position.5 According to
the results of that study, mean meniscal subluxa-
tion for the medial and lateral meniscus averaged
5.1 mm and 0.8 mm in OA cases compared with
2.8 mm and 0.2 mm in the control group without
OA. Boxheimer et al demonstrated that meniscal
protrusion was more frequently present in the me-
dial meniscus and averaged less than 3 mm in nor-
mal volunteers in either the sagittal or coronal MR
imaging plane.8 The type and degree of anatomic
derangement necessary to permit significant me-
dial meniscal subluxation is uncertain. However,
many investigators have reported that degenera-
tion of the meniscus or injuries to the meniscus
or its attachments is associated with significant
meniscal subluxation.30–34 Nevertheless, there is
still no consensus with respect to the amount of
meniscal subluxation that can be considered phys-
iological, but some authors have accepted up to
3 mm of meniscal subluxation as normal.4,8,35,36
Several studies suggest that meniscal subluxa-
tion may be associated with OA.3,5,7,10,29,33,37
Sugita et al examined the medial menisci and
medial tibial plateaus obtained during total knee
arthroplasty.10 There was a mechanical inconsis-
tency between the pattern of preservation of the
medial menisci and the location of exposure of
subchondral bone on the medial tibial plateaus.
They explained that this inconsistency was due to
radial displacement (meniscal subluxation) of
the medial meniscus preceding narrowing of the
medial joint during progression of medial joint
C.H. Ko, et al
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Figure 4. (A) Greater contact area and 
less contact stresses with an undisplaced 
meniscus. (B) Decreased contact area 
and increased contact stresses in 
meniscal subluxation.
OA, so that the displaced meniscus was saved from
severe degeneration or attrition. Adams et al re-
vealed that meniscal subluxation contributed sig-
nificantly to radiographic narrowing in patients
with early stage OA and articular cartilage loss was
a secondary phenomenon following meniscal sub-
luxation in most patients.7 Gale et al found that
meniscal subluxation was highly associated with
symptomatic knee OA, and in subjects with OA,
increasing meniscal subluxation correlated with
the severity of joint space narrowing.5 Berthiaume
et al quantitated the cartilage volume changes in
knee OA using MRI, and determined whether
meniscal alteration predicted cartilage volume loss
over time; they concluded that meniscal tear and
extrusion were strongly associated with the pro-
gression of symptomatic knee OA.37 In a more
recent study, Hunter et al also demonstrated that
meniscal abnormality (whether subluxation or
damage) had a major effect on the risk of articular
cartilage loss in OA knees.29
Our study has shown that the measured mean
meniscal subluxation for knees with radiographic
signs of OA was significantly greater than that for
control knees. Meniscal subluxation was observed
in 53% (51 of 97 knees) of the controls and in
100% of 141 OA knees. There was no case in
whom radiographic signs of OA were observed
in the absence of meniscal subluxation. Since sig-
nificant age differences also existed, the differences
in mean meniscal subluxation could have been
due merely to the normal aging process, with no
true differences between groups. However, when
the age-matched groups were compared, the effects
of age were eliminated but significant differences
in mean meniscal subluxation persisted. Meniscal
subluxation was observed in all 43 age-matched
OA knees and 70% (30 of 43 knees) of the controls.
Furthermore, the greatest meniscal subluxation
was seen in knees with advanced radiographic
signs of OA. These data suggest that meniscal sub-
luxation is strongly associated with radiographic
OA and correlated with the severity of OA changes
on plain radiographs. However, meniscal sublux-
ation could be present in non-OA knees as 53%
of our controls had a displaced medial meniscus
with a maximal subluxation of 2.7 mm. Since the
integrity and position of the meniscus are critical
for appropriate load bearing and shock absorp-
tion, the presence of meniscal subluxation might
increase the peak and average contact stresses at
the femorotibial articular surfaces and accelerate
the development of OA.29,33,37 Given the potency
of meniscal subluxation as a risk factor, our
study found that MSUS is able to identify this
problem early before the significant OA changes
seen on conventional radiographs.
Pomeranz has described the phenomenon 
of meniscal pseudosubluxation in which the
meniscus appears to be subluxed.38 This is most
commonly seen with loose meniscocapsular
attachments, particularly in degenerative joint
disease. The criterion for this condition is the
meniscus being located outside the edge, drawn
from the most superficial aspect of the femoral
condyle. In most of these cases, the position of
the meniscus on the tibial plateau is stable, and a
true lateral displacement does not occur. So, it is
an important issue that the edge of the tibia must
be used as the reference point for the proper deter-
mination of meniscal position and subluxation
because the attachment of the meniscus to the tibia
is much stronger than its attachment to the femur.4
With regard to meniscal position and patho-
logy, most of the information is derived from MRI
for visualization of the knee menisci.3,5–7,29,31,33,37
However, in most instances, MRI study is unable to
visualize the meniscus under axial loading since
the patient is scanned in the supine position.
Within the last decade, MSUS has become an
established imaging technique for the diagnosis
and follow-up of patients with musculoskeletal
disorders. Many authors suggest that MSUS is an
acceptable imaging alternative for visualization
of meniscal pathology.13–17 Other advantages of
MSUS include its noninvasiveness, portability, rel-
atively low cost, lack of ionizing radiation, and its
ability to be repeated as often as necessary.
Although there is little evidence with respect
to the use of MSUS in the evaluation of medial
meniscal subluxation under load, our results are
comparable to previously published data obtained
Meniscal subluxation and osteoarthritis
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by MRI. Boxheimer et al carried out MRI studies
on 22 asymptomatic patients in a weight-bearing
position and found that medial meniscal sublux-
ation was present in 50% (11 of 22) of the cases,
and the maximum subluxation in the coronal
plane was 2.6 mm.8 These results are similar to
those obtained in our study, where we found 53%
(51 of 97) of knees in our control group having
displaced menisci with the greatest subluxation
of 2.7 mm. Furthermore, Boxheimer et al also
showed that the measured meniscal subluxation
might have been more frequent if it was observed
under weight-bearing conditions.8 This fact was
observed in their study, where greater frequency of
meniscal subluxation was obtained in the standing
weight-bearing knees (11 of 22) than in the supine
non-weight-bearing knees (9 of 22).
Since medial compartment OA is more preva-
lent in people with OA20–22 and the MCL can be
easily identified by MSUS with good reproducibil-
ity, our study was designed to measure meniscal
subluxation of the medial meniscus at the level
of the MCL. We believe that measuring subluxa-
tion at the level of the MCL alone may overlook
meniscal displacement in other directions, and
similar subluxations may occur in the lateral
meniscus but were not estimated in this study. The
limitations of this study include: (1) the threshold
of pathologic subluxation of the meniscus was not
identified; (2) factors that lead to meniscal sub-
luxation were not studied; (3) as indicated above,
we only examined meniscal subluxation at the
level of the MCL, thus, meniscal displacement in
other directions were not estimated.
In conclusion, we employed MSUS to assess
the meniscal position of the knee under weight-
bearing condition so that the dynamic contribu-
tion of loading to the meniscal subluxation was
observed. The results showed that meniscal sub-
luxation is a prominent feature of knee OA and
could be considered a risk factor for the develop-
ment of OA. However, meniscal subluxation could
also be present in people without radiographic
OA, but it is in general<3 mm. MSUS is able to de-
tect this occult meniscal derangement early before
the appearance of radiographic OA changes.
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